The purpose of this study was to examine a new tool (PPPAS = Parent Perceptions of Physical Activity Scale-Preschool) developed to study parental perceptions of physical activity (PA) among parents of toddler and preschool age children. Method: 143 children (mean age 31.65 months; 75% male) and their parents were recruited from a neurodevelopmental clinic. Parents completed questionnaires, and both a psychologist and a physician evaluated the children. Eighty-three percent of the children received a diagnosis of Autism Spectrum Disorder; 20% of the children had a BMI > 85th percentile. Analyses were conducted to evaluate the reliability, concurrent validity, discriminant validity, and predictive validity of PPPAS scores. Results: Results supported a two-factor structure: Perceptions of the Benefits of PA and the Barriers to PA. The internal consistency of scores was good for both PPPAS subscales, derived from the two factors. Parent perceptions of barriers to PA were significantly correlated with delays in overall adaptive functioning, daily living skills, socialization, and motor skills. When a child's motor skills were delayed, parents were less likely to believe PA was beneficial and perceived more barriers to PA. Parent perceptions of barriers to PA predicted parentreported weekly unstructured PA and ratings of how physically active their child was compared with other children. Conclusions: We present the PPPAS-Preschool for use in pediatric exercise research and discuss potential applications for the study of parent perceptions of PA in young children.
developed surveys. However, there is a need for a validated measure that could be easily used across studies. To address this need, we developed pilot items for a parent questionnaire. The Parent Perceptions of Physical Activity Scale (PPPAS-Preschool) was based on 40 pilot items (see Appendix) developed by researchers at the UC Irvine Pediatric Exercise and Genomics Research Center (PERC: www.perc.uci.edu), which were adapted from an unpublished infant version of the questionnaire. These items were generated to measure parent perceptions of the benefits of PA, barriers to PA, and their ability to influence PA in their children. We administered the questionnaire in a sample of parents of children with neurodevelopmental disabilities for several reasons. First, as prior research has clearly indicated that children with ASD and other disabilities are less likely to participate in the recommended levels of PA, we developed the questionnaire particularly for research with children who may be less likely to participate in PA due to developmental challenges or disability. We did not restrict the sample to children only with an ASD diagnosis because prior research has shown that restricted variance in a sample will reduce reliability coefficients, and, therefore, psychometric studies benefit from some heterogeneity in samples (12) . Thus, the current study was designed to address the following research questions and hypotheses in a sample of parents who had toddlers/preschoolers with neurodevelopmental disorders, including but not limited to ASD: 1. Will the pilot items load on the predicted subscales? We predicted that the items would load on the predicted subscales and also expected that we could reduce the number of items to create a scale of manageable length.
2. Do the PPPAS-Preschool scales produce scores with sufficient internal consistency? We predicted that the scales would demonstrate at least good internal consistency, as evidenced by an alpha of > .80. A matrix for estimating adequacy of internal consistency coefficients provided by Ponterotto & Ruckdeschel (25) indicated that an alpha of > .80 for a scale with 7-11 items and a sample size of 100-300 would be considered "good." 3. Is there evidence of concurrent validity? In prior research (23) , parents of children with ASD have indicated that barriers to PA included a child's motor, social, and communication difficulties. Thus, we predicted that greater parent reports of barriers to PA would be significantly correlated with parent reports of overall child adaptive functioning, specifically in the domains of communication, daily living skills, socialization, and motor skills. We predicted that greater parent perceptions of the benefits of PA would be significantly correlated with greater child motor skills. 4 . Is there evidence of divergent validity? We predicted that parent perceptions of their influence on PA and the benefits of PA would not be significantly correlated with domains of child communication, daily living skills, and socialization. 5 . Is there evidence of predictive validity? We predicted that parents who report fewer barriers to PA would also report higher levels of PA in their children and would view their children as similarly active when compared with other children their age.
Methods

Participants and Procedures
This study was approved by a University Institutional Review Board. Parents of 143 children on a waiting list for a diagnostic evaluation at a university neurodevelopmental clinic provided written informed consent for participation in the study. Families attended three visits; two visits involved data collection via parental questionnaires and semistructured child assessments conducted by a developmental or licensed psychologist. At the third visit, participants had a clinical evaluation at the university specialty clinic; clinical evaluations were conducted by either a board-certified developmental behavioral pediatrician or a board-certified pediatric neurologist.
Measures
Demographic Questionnaire. Parents completed a demographic questionnaire with items inquiring about child age, ethnicity, race, relationship to child, household income, and parent education. Parent-Reported PA. On an unpublished study questionnaire designed to capture data on current physical activity and sports participation, we asked parents two questions related to the current study. First, parents were asked, "Over the past 3 months, about how much time has your child spent participating in unstructured physical activity (e.g., riding trikes or bikes, playground activity) per week?" Parents had four response options: less than 1 hr, 2-4 hr, 5-7 hr, or more than 7 hr. We also asked parents, "Compared to other children of the same age, how physically active is your child in his/her current free time outside of organized (scheduled) sports?" Parents selected one of four responses: "a lot less active," "slightly less active," "slightly more active," or "a lot more active."
Parent Perceptions of Physical Activity Scale-Preschool Version (PPPAS
BMI. Children's body mass index (BMI) was obtained using the recorded height and weight data from their study physician evaluation. BMI percentile and weight status category were calculated using the Centers for Disease Control and Prevention's (CDC) BMI-for-age growth charts (4).
Analyses
SPSS 23 was used to conduct all analyses. During informed consent, parents were told that they could skip any study procedure or item if they chose to do so. Therefore, some data were missing at random due to nonresponse (i.e., a parent chose to skip a question). Missing data were not replaced. Thus, we analyzed complete data only, and n's for some analyses varied (ranging from 118 to 143, or 83-100% of the sample) and are reported in table notes.
We conducted principal components analysis (PCA), which has been shown to be robust in research with assessment instruments used to gather Likert scale data and is recommended when data reduction is a goal (6). Cronbach's alpha was used to evaluate the internal consistency of each of the PPPAS subscales. The Shapiro-Wilk test of normality was used to evaluate scale distributions. Spearman's Rho correlations were computed to address the concurrent and discriminant validity hypotheses. Regression analyses were conducted to examine the predictive validity of parent perceptions of barriers to PA. For correlations and regressions, the significance value selected was p < .05. Table 1 presents participant characteristics (N = 143; 75% male). Eighty-three percent of the children received a physician diagnosis of ASD, with the remaining children receiving a variety of neurodevelopmental diagnoses (e.g., global developmental delay, disruptive behavior disorder). Twenty percent of participants were overweight or obese (BMI percentile > 85%).
Results
Demographic Characteristics
Principal Components Analysis
We ran a principal components analysis (PCA) on the 40 items generated for the PPPAS-Preschool. Before analysis, we assessed the suitability of PCA for our data. An inspection of the correlation matrix revealed that all variables had at least one correlation coefficient greater than 0.3. The overall Kaiser-Meyer-Olkin (KMO) measure was 0.87. Bartlett's test of sphericity was significant (p < .001), indicating that the data were likely factorizable. The first PCA revealed eight components that had eigenvalues greater than 1, which explained 37.39%, 9.30%, 5.66%, 5.11%, 4.69%, 3.41%, 2.79%, and 2.69% of the variance, respectively. These values suggested two primary components. In addition, visual inspection of the scree plot supported retention of two components plotted before the inflection point. A two-component solution met the criterion for interpretability. Four items had weak loadings (less than .40) and were removed (see Table 2 note). Subsequently, PCA was rerun without the four items (i.e., with 36 total items), yielding similar results that also supported retention of two components. [Seven components with eigenvalues > 1 explained 39.25%, 10.40%, 5.86%, 5.10%, 4.46%, 3.43%, and 2.84% of the variance, respectively. The scree plot and interpretability criterion suggested retention of the first two components.] Therefore, PCA was rerun on the 36 items with fixed factors set to two. This two-component solution explained 49.66% of the total variance (the two components explained 39.25% and 10.40% of the variance, respectively). A Varimax orthogonal rotation was used to help with interpretability. The rotated solution exhibited a "simple structure" (34) . Interpretation of the data were consistent with the categories the questionnaire was designed to measure, with strong loadings of opinions regarding the benefit of PA on Component 1 and beliefs related to perceived barriers to PA on Component 2. However, perceptions of parental influence on child's PA loaded on Component 1 (see Table 2 ), rather than remaining an independent factor. Thus, these two components were used to create two PPPAS subscales: Beliefs in the Benefits of PA and Perceptions of Barriers to PA. In prior experience with the PPPAS, parental influence was identified as a third component; however, in this study, items addressing one's ability to influence PA and beliefs in the value of PA loaded on a single factor. Therefore, we used the two components to develop two, rather than three, subscales for the PPPAS-Preschool.
Abbreviated Scale
In measurement development, practicality of assessment is an important consideration. Researchers often prefer shorter scales, when a fewer number of items can achieve the same results in terms of the reliability and validity of scores. Thus, we reviewed PCA and reliability results to remove items when doing so would not reduce reliability below the desired threshold (> .80). This process yielded a 27-item scale (see Figure 1) , with two subscales: Barriers to PA (9 items) and Benefits of PA (18 items). After removing items, reliability coefficients were reduced from .96 (24 items) to .95 (18 items) for the Benefits scale and from .84 (12 items) to .81 (9 items) for the Barriers scale.
We conducted PCA for the revised 27-item scale. PCA revealed five components that had eigenvalues greater than 1, which explained 41.13%, 12.09%, 7.93%, 5.75%, and 5.03% of the variance, respectively. Visual inspection of the scree plot supported retention of two components; a two-component solution met the criterion for interpretability. However, two items with sufficient loadings in prior analyses failed to meet the cutoff (.40) in this analysis (items #32 and #29 with loadings of .385 and .383, respectively). The two-component solution for the 27-item scale explained 53.22% of the total variance (the two components explained 39.25% and 10.40% of the variance, respectively).
Subsequently, we conducted PCA for a revised 25-item scale that eliminated the two items with low loadings in the prior analysis. The twocomponent solution for the 25-item scale explained 55.30% of the total variance (the two components explained 42.76% and 12.55% of the variance, respectively). A Varimax orthogonal rotation was used to help with interpretability. The rotated solution exhibited a "simple structure" (21) . Interpretation of the data were consistent with the categories the questionnaire was designed to measure, with strong loadings of opinions regarding the benefit of PA on Component 1 and beliefs related to perceived barriers to PA on Component 2. Results for this final PCA are presented in Table 3 .
Descriptive Statistics and Internal Consistency Coefficients
All subsequent analyses were conducted using the abbreviated scale, with 25 total items (18 for the Benefits scale, and 7 for the Barriers scale; see Figure 1 ). The internal consistency coefficients were good or excellent (25, 28) for the subscales of the final 25-item PPPAS (see Table 4 ). As noted previously, a matrix for estimating adequacy of internal consistency coefficients provided by Ponterotto & Ruckdeschel (25) indicated that an alpha of > .80 for a scale with 7-11 items and a sample size of 100-300 would be considered "good."
Concurrent and Discriminant Validity of Scores
Consistent with our predictions, parent perceptions of barriers to PA were significantly correlated with parent reports of impairments in overall adaptive functioning and specifically in the domains of daily living skills, socialization, and motor skills (see Table 4 ). Thus, parents perceived fewer barriers to PA when their children were rated as having higher functioning in these areas. Moreover, as we hypothesized, a child's motor functioning was significantly correlated with parent perceptions of the benefits of PA, and perceptions of barriers to PA. Parents were more likely to believe PA was beneficial (i.e., had a higher Benefits score) and perceived fewer barriers to PA (i.e., had a lower Barriers score) when their child's motor skills were rated as better developed. Our discriminant validity hypotheses were also supported. Parent perceptions of their ability to influence their child's level of PA and their perceptions of the benefits of PA were not significantly correlated with parent reports of child communication, daily living skills, socialization, and overall adaptive functioning.
Predictive Validity
Regression analyses were conducted to examine the predictive validity of parent perceptions of barriers to PA. Durbin-Watson statistics (2.185 and 2.431 for the first and second regressions, respectively) indicated that there was independence of residuals. No outliers were observed. A visual inspection of the plot of standardized residuals versus standardized predicted values indicated that there was homoscedasticity. Residuals were also normally distributed for both analyses, per a visual inspection of the normal probability plots. Parent perceptions of barriers to PA significantly predicted parent-reported weekly unstructured PA, R 2 = .05, F (1, 100) = 5.313, p < .05. When parents perceived fewer barriers to PA, they reported a greater number of hours per week of PA. Parent perceptions of barriers to PA also significantly predicted parent reports of how physically active their child was compared with other children, R 2 = .04, F (1, 118) = 5.033, p < .05. (27) .
Physical activity in chilcilhood will make my child healthier (36) .
Increasing activity increases my child's level o f physical fitness (20) .
Activity improves functioning of my child's cardiovascular system (2 1).
My c hild will live longer if I encourage him/her to be an active child (26) .
Physical activity increas.es my child's mental alertness (30).
My exercise habits will strongly impact the exercise habits lhal my child will develop over the course o f his/her life ( I).
• Physical activity improves my child's Hexibility (24).
Physical activity increases my child's muscle strength (16) .
My child has improved feelings o f well being from physical activity (22) .
I will improve future hea.Jth by encouraging physical activity in my child
(5).
My attitudes aboul exerc ise will strongly impacl my child's attitude toward exercise over the course o f his/her life (2). b
Physical activity is good entertainment for my child (33) .
Physical activity gives my child a sense of personal accomplishment (17).
Physical activity improves overall body functioning for my child (35) .
How much I value e xercise will impact how active my child is (3). b
Exercising helps my chil d sleep better at night (25).
My child feels proud when doing physical activity (28).
• Encouraging my child to be active will lel me have contact with my child ( 18) . ' 
My child will learn exercise habits through watching my example (4). •
Physical activity allows my child to carry out normal activities without becoming tired (31 ). • Physical activity improves my child's mental health ( 14). •
Physical activity now will keep my child from having weight problems in the future (19) 
My child is not able to participate in group physical activity or sports programs. (38)
Physical activity will make my child frusliated (9) .
I am scared that physical activity will lead to disappointment for my child ( 11) .
I am scared that physical activity will be harmful for my child (JO). My child's physical endurance is improved by encouraging him/her to be active (27) .
My family members do not encourage me to do physical activity with my child (29).
Component Component
Physical activity in childhood will make my child healthier (36) .
Increasing activity increases my child's level of physical fitness (20).
My child will live longer if I encourage him/her to be an active child (26) .
Activity improves functioning of my child's cardiovascular system (21) .
Physical activity increases my child's mental alertness (30).
Physical activity improves my child's flexibility (24).
My child has improved feelings of well-being from physical activity (22).
Physical activity gives my child a sense of personal accomplishment ( 17).
Exercising helps my child sleep better at night (25).
My exercise habits will strongly impact the exercise habits that my child will develop over the course of his/her life ( 1). I will improve future health by encouraging physical activity in my child (5) .
Physical activity increases my child's muscle strength (16).
My child will learn exercise habits through watching my example (4) .
How much I value exercise will impact how active my child is (3).
My attitudes about exercise will strongly impact my child's attitude toward exercise over the course of his/her life (2). I worry that my child will not be accepted by others ifs/he participates in a group sport or activity program. (39) I am worried about my child's ability to participate in sports or physical activities ( 12) .
I worry that participating in physical activities or sports will be a bad experience for my child. (40) My child is not able to participate in group physical activity or sports programs. (38) Physical activity will make my child fmstrated (9) .
I am scared that physical activity will be harmful for my child (10 My exercise habi1s will strongly impac1 lhe exercise habits lhal my child will develop over 1he cour.,e of his/her life.
2. I am ~car~-d 1ha1 ph)'Mcal ac1ivi1y will be hannful for my clnld.
3. My child \\~ll lc:am exercise habill> 1hrough wmching my example.
4. I wony 1ha1 panic1pa11ng m physical ac11v111es or spon will be a bad C.~J>Cflencc for my child.
5.
J\ctivi1y improves fime1ioning of my child's cardiovascular sy,1em.
6. I nm womcd nboul my c:lnhl's ob1li1y 10 1 ,ar1icipatc in sports or phy~ical activities.
7 Physical activity increases my child" me111nl ak'flncss.
8 lncreai.ing activity increases my child's level or phyim:al filnc:,s 9. Physical ac1i\!ity will make my child frustroted.
10. Physical aclivity increases my child's muscle strength.
11. Excm,ing helps my cluld sleep bcncr at night.
12. My child', physical 1.-ndurnnci: i:, impruv~.'11 by cncouroging ltimlhcr 10 be 11e1iv1:.
13. Physic:nl activity 11nprows my child's llcxibility.
14. My auitudcs about exercise " ill suoogly impact my child"s 01mudc toWll!ds cxet"Cisc over the course of hislhcr life. I 5. My child is no1 able 10 panicipatc in group physical activi1y or ~ports programs.
16. I am SC.Ired lhal phy,;ical acllvity \\~II knd to d!snppomtmcnt for my chi ld.
17. My child has improved focl ing.~ ofwell-bei rljl from physicol activ11y.
18. Physic.ii ac1ivity gives my child o sense of personal nccomplishmcnl.
19. I will improve future health by cncournging ph~ic.il acuvity in my child.
20. Physical activity in childhood will make my c. hild hc;i!lhier.
21 . My cluld \\111 livc longer 1fl encourage him/her to be an active chi ld. Note. N's range from 118 to 130 due to missing data.
Strongly
Disagree Agree Disagree I. My exercise habi ts wi ll strongly impact the exercise habits tha t my child will develop over the course of his/her liJe.
Discussion
Our research resulted in a 25-item parent questionnaire (PPPAS-Preschool) that generated two subscales: parent perceptions of the Benefits of PA and Barriers to PA. Although in prior work with infants the scale also produced a third subscale, Parent Influence on PA, in the current study these items loaded strongly on the Benefits of PA scale, suggesting that at least among parents in this sample, parent endorsement of beliefs in their ability to influence PA were strongly correlated with their beliefs in the benefits of PA. Results from this study indicate that scores produced by the PPPAS-Preschool in a sample of toddlers with neurodevelopmental disorders had good internal consistency as well as sufficient concurrent, discriminant, and predictive validity. Parent Perceptions of Benefits of PA Awareness of the many benefits of PA is growing, and research in this area has begun to address benefits for children with specific disabilities. In addition to physical benefits, benefits of PA among children with ASD include a reduction in maladaptive behaviors and promotion of positive behaviors (13) . Benefits of PA for children with ASD also have been reported in behavioral and cognitive domains. PA has been linked to reduction in maladaptive behaviors such as stereotypy, aggression, and elopement (13) and improvements in attention (e.g., on-task behavior), academic responding, and inhibitory and memory functions (13, 33) . Thus, there are many benefits to increasing PA in children with ASD. There will likely continue to be a growing need for PA intervention programs for children with ASD and other neurodevelopmental disorders.
Parent Perceptions of Barriers to PA
Our findings were consistent with prior research in which parents of children with neurodevelopmental disorders like ASD reported significantly greater barriers to PA for their children compared with parents of TD children (20) . Parental perceived barriers to PA among children with neurodevelopmental disorders include personal barriers (e.g., children's lack of knowledge and skills, children's preferences for activities), social barriers (e.g., parental concerns or behaviors such as about safety, or time, or financial constraints), environmental barriers (e.g., suboptimal facilities, lack of transportation), or policy barriers (e.g., lack of appropriate programs, staff capacity) (30) . Specifically, among children with ASD, parental perceived barriers are similar and include concerns regarding adults lacking skills for appropriate inclusion of their children and peer relations (e.g., children having few friends and social exclusion) (20) . In our study, parents perceived more barriers to PA when their children had lower scores in the domains of daily living skills, socialization, motor functioning, and adaptive behavior.
Limitations
This study's sample was comprised of primarily young children with ASD, and if using the PPPAS with other populations (such as typically developing toddlers and preschoolers) the factor structure, reliability, and validity should be further investigated as recommended by the Standards for Educational and Psychological Testing (1). Moreover, there was likely a recall bias among parents when reporting PA that could have affected measurement in this study. Further examination of multimethod approaches that compare the PPPAS-Preschool results to objective data gathered from actigraphs or accelerometers may help to elucidate similarities and differences across methodologies. Another limitation of the current study was related to missing data, as some parents did not respond to all items on a questionnaire, reducing the n for certain analyses. However, missing data were minimal, and each analysis included at least 83% or more of the full sample.
Potential Applications
A majority of parents of children with ASD (74%) seek complementary and alternative (CAM) medicine treatment approaches primarily due to concerns with safety and side effects of prescribed medications (7) . In a recent review of CAM, Lofthouse, Hendren, Hurt, Arnold, & Butter (15) concluded that PA met the criteria of being sensible, cheap, safe, and easy and promoted it as "acceptable" for children with ASD. The American College of Sports Medicine (ACSM) Position Stand (5) highlights the evidence supporting the link between PA and both cognition and academic achievement. Although the ACSM does not have a specific PA guidelines for children with ASD, Srinivasan, Pescatello, & Bhat (32) recommend exercise programs combining components of aerobic (e.g., walking/running, swimming), resistance (e.g., jumping, climbing), flexibility and neuromuscular training (e.g., stretching, therapeutic horseback riding, yoga) toward enhancing fitness and body composition. Thus, the development and study of PA intervention programs for children with ASD is an important research priority. Early PA intervention efforts for children with ASD and other disabilities may be supported by the use of the PPPAS-Preschool; for example, parental perceptions of barriers to PA for their children may be systematically examined and used to inform nonpharmacological treatment planning that includes PA. Identification of parent-perceived barriers to PA would help program developers identify concerns that could be addressed through the program, such as programmatic modifications to increase accessibility for children and education for parents regarding the benefits of PA for their child's health and development. The PPPAS-Preschool could also be used in research to study changes in parent perceptions following intervention or parent education and could be used to design PA protocols that address accessibility for children with neurodevelopmental disorders. Future research should examine its utility as both an outcome measure and as a predictor of parent behavior. 39 . I worry that my child will not be accepted by others if he/she participates in a group sport or activity program. (Barriers) 40 . I worry that participating in physical activities or sports will be a bad experience for my child.
(Barriers)
Note. The three hypothesized subscales were: Impact of Parental Influence, Benefits of Physical Activity, Barriers to Physical Activity. For each item, parents were asked to rate their agreement using a Likert scale (1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree).
